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(54) NITRIDE SEMICONDUCTOR LASER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the threshold 
current density of a semiconductor laser using a gallium 
nitride-based semiconductor material. 
SOLUTION: The semiconductor laser has a structure in 
which a gallium nitride-based semiconductor layer 
containing an n-type clad layer 22 and a multiple 
quantum well layer 24 containing an InxAlyGa1-x~yN 
(0<x<1, 0<y<0.2) light emitting layer is laminated upon a 
low-dislocation n-type GaN substrate 21. The threshold 
mode gain per one quantum well of the quantum well 
layer 24 is adjusted to <12 cm-1 and the standard 
deviation of the microscopic fluctuation of the band gap 
energy of the light emitting layer is controlled to 75-200 
meV. 
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(54) Bg9!0£i*] MflMWfrl/-* 

(57) ism 

mm) mittfv vj±&^&tfn*m^tz¥m&^- 

figan-GaNl«2 1il:, nl!*7 
7Ki2 2t, I n x A 1 y G a i- x -yN (0<x<K 
O^y^O. 2) 3S*JB£^tf£:SftiF-#FJB2 4 £ , 

fi^F-fflfefcfJ^L^^ffl^-K^lS^l 2 cm" 1 
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«b*6S«±IC, ^7 </ Kit, I n x A 1 y G a i- x -y 
N (0<x<l, O^y^O. 2) fgjtJlSr^tffl^ 

K*J»dU 2 cnT^TX-feD, b6E**J§<0'*> K¥ 
^ S /7 p 3i^/U^-.oa«WSe>rW«*filld5 7 5-2 
00meV"CM:tt:»tit5 »k*¥»tt 

e>46»«±^. ^7 7 KJBfc, I n x A 1 y G a i- x - y 
N (0<x<L O^y^O. 2) IgftJI £^tpft^-# 

Kfl]»# 1 2 c m'^T-Cfc •? > MESttl<D»#*U» 
dg/dn^ 

0. 5X10" 20 (m 2 ) ^dg/dnSO. 7X10 

f)45SS±l:, ^7 7KI^ I n x A 1 y G a i- x -y 
N (0<x<K O^y^O. 2) ISftJI n fli^ 

a 



5^3 



iCcm" 1 ]^ 
ai^l 2Xn-a m 

lb?OlMi^7 5-2 0 0meVtfc6:i:^ 

<bfc5Kffi±fc* ^7yKi^ I n x A 1 y Ga i- x -y 
N (0<x<l > OSy^O. 2) Mi^nfiW 

itcm -1 ]^ 

a i ^ 1 2 X n — a m 

*> 9 , HftE»tt«<7)»»*J# dg/dn^ 

0. 5X1 0" 20 (m 2 ) ^dg/dn^O. 7X10 

~ 20 (m 2 ) 

5 ) y ^AiM^i fctt* 77^7^ 

20 P)45iSH:, ^7 7Klt I n x A I y G a i-x-y 
N (0<x<l > O^y^O. 2) ^ftH^-atf nf@<7> 

[W/A] TE* 

( 1 - r x )4r~ 2 



12 xn ( 1 - v^Tx + V*7) 



R 2 : ^-1ffflJt*lfttiB«o*ti»«iBwEW* 



30 <bft&g«±iC, I n x A 1 y G a i-x-y 

N (0<x<l, O^y^O. 2) fg*S«T'&tPnfi^ 
il^F^PjjfcSfi^FWifoftttBt, 

[W/A] TEit 

[£*2] 



( i - rjJr; 



12 xn (1- V^T) 



R 2 : ffffl»*lPltffl«W*fi»«ffi«)K»2|S 
a m : ^ y—ffitk 

&«fcu ffi&m&m<D&#mmd g /d 

0. 5X1 0" 20 (m 2 ) ^dg/dn^O. 7X10 
" 20 Cm 2 ) 

■e*> 5 c t t *r 5 Sfbft^S* i^— if o 

6&<5««±£, ^7yKB^ I n x A 1 y G a !- x - y 
N (0<x<K O^y^O. 2) f£ftB£#t? n flGD 



40 

a^#F3&^4S*^#F«ie^ftttSt, SrSfrSfc 
2 0 0ju m«±t»fc 0 . Wffi^K*t* 8 0 

ftft^Wftl^-lf-efco-C, *p 1. 4/n 

tw/A]«±r**>0 > (ME«#JB0>'<>' yT'x^/p 

^r-<Ol»attib?(08!|ii^7 5-2 0 0meVT' 
50 ^iSIgil:, ^7yKBi, I n x A 1 y G a i-x-y 



3 

N (0<x<l, O^y^O. 2) ftltm*ttsnm<n 
20 0 nmU±.X*hV, *fi8a8BOpiffil;:K*t*8 o 

<k»*»ftu-if-e*>or, ^p-^»**si. 4/n 

0. 5X1 O" 20 (m 2 ) S d g/d n^O. 7X10 
"2° (m 2 ) 

5)4Si«±IC, ^7yKlt, I n x A 1 y G a i-x-y 

N (0<x<l, O^y^O. 2) 3SftB£^trS^# 

W4 0meV^m^ tt fS**« <Z> /<v + y 
^□i+yU^-OUattSb^aiPlBll^r 5-2 0 0 

o] ttfcXf y »A*#»*fcf4*7r>f T 
*7yKB*. In x Al y Ga 
l- x - y N (0<x<K O^y^O. 2) 3g*Ji££fcf 

»d g/d n#. 

0. 5X1 0~ 20 (m 2 ) ^dg/dn^O. 7X10 
" 20 (m 2 ) 

-K?U##1 2 cm _1 aT-e*)5:i:S:«Fa^t5Sft 

1 2 ] ft 1M11 i>i"*t?HcE**>S 
fbft^Wft^-if-Cfcot, ftT-#F-<Sfcfc9(£>Lt 

u-"*. 

1 3 ] 1 7!>S 1 2 ivf ;h,*»fcE*W>* 

1 4 ] M#JS l l 3 ^i**i*McE«wS 

#i o 8 <g/cm 2 *ritf>^fb#y 

5] Sfctfy *A*»t*Sfcli*77'fT 
*»&ftS*«±(i. ?7?mk. In x Al y Ga 



(3) W2 0 0 2 - 7 6 5 2 2 

4 

!_ x _ y N (0<x<l, O^y^O. 2) mitfB*<atS> 
fi^#F«ii<oft«:B£, Sr*tf*ft*y ^ASR^W* 
BdMBBLfc«ifiS:#U fiT-#FHB*>fc!5tf>L#^ 
K*J#*s 12c m" 1 J: 9 ±% < , SUEIBftBtf)'* 

0 m e V«T"0*>S d £ -rsa{t»*»* 

^5)46Stt±l:, ^7^/ Kit, In x Al y Ga 
/0 !-x- y N (0<x<K O^y^O. 2) IgftB&'&tf 
ft^#Ftffi£cof§i£/I<^ Sr^tpaft^y ****** 
H#«BLfc«ig*r*rU »^#FHS*>fc9*>L#^ 
I ; t-K^12cm- 1 J:^t<, irEJ£«iBtf>» 
##J»d g/d n^, 
dg/dn^l. 0X10 " 20 (m 2 ) 

7] a<L#y *A**m*fcr±*7r<f r 

^77K1^ InxAlyGa 
!_ x _ y N (0<x<l, O^y^O. 2) ^TtH^^tr 

l^ai[c nrT 1 ]^ 
ai>l 2 X n — a m 

fib^aifli^4 Ome V£JiK'fe6C^«fSt 

^b4Sifi±l-, tyyVMb, InxAlyGa 
30 1-x-yN (0<x<K O^y^O. 2) 3£ft/i£^fr 
nfiwfi^FA^ftSftT-^FWJe^SttHi:, £a 

ftfcaiCcnT 1 ]*** 
ai> 1 2 X n — am 

WSS«li^^7-«*S:a B [cm" l ]i:t5. ) "0 

mESttJB©«»?«J#d g/d 
dg/dn^l. 0X1 0" 20 (m 2 ) 

ummi 9] mikjfv ^^m^ti^yr^r 

40 ^b45Sfi±C, tyyVmt. In x Al y Ga 
!- x _ y N (0<x<l, OSy^O. 2) f£ftJi£-QiP 

MMs#y *>j***m&m*mm^tcmmz&L, 

-yzms [W/A] rie^; 

[*3] 
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S<3x 



( 1 - r x )4r 2 



12 xn u- V^)(^ + V*T) 



R 2 : W-1fffl»*l«ntia«W#fi»Miffi<DS8tsp 
am : ^ 7— ft^ 

a. (1 



^P>ft*K«±JC, *9 y KHfc, In x Al y Ga 
!_ x _ y N (0<x<l, O^y^O. 2) ^5tB^r^tP 

70 -yf&SpS [W/A] AS, TIE5£ 
[*4] 



5< 3 x 



12xn (1- ylR x R 2 )(,JK + 



Rl : tf ffiW^rfiHMo*SS«ffiosit* 
R 2 : ^-#U»*l"lti»«W*fi8«lB»K»* 

fc»fcU »BStt*«)*»fiJ»d g/d n*s, 
dg/dn^l. 0X10 ~ 20 (m 2 ) 

3&^*SSS±(C, ^7-7Kl^ In x Al y Ga 
!_ x _ y N (0<x<K O^y^O. 2) 3MJi£^fr 

MiSimmKTt-*)*), #fflMHa<0 5*>, u-lftH 
<o*fi««ffiic, K*t*8 0%w±i oo%*«oi«S 

*n 2. l/n[W/A]*«"C*)t), »E 
*fliii 4 0 m e V^Tt'fcS : t «r»S t tSlftft 

^bftSSfillu, ^7*;Kli, In x AlyGa 
!_ x _ y N (0<x<l, OSy^O. 2) %%m*^t* 
nfi^S^F^b^Sa^FWJt^SttJif:, 

»**simmfirre*>9, *fi»»ffi(o5*>, u~ifu 

BJ§ttJB*s«lHL"CV^*\ *fctt, R«*2 0%«T 
(0*SSSII:, SW^8 0%WJ:l 0 0%*8Sa>ffiE 
l/n[ff/A]*iat*fc«9, SSB 



ft«feS<D*#fU»d g/dn^ 
dg/dn^l. 0X10 ~ 20 (m 2 ) 

2 3 ] 1 5 7!?^ 2 2 Vvf *IjH;lE«0> 

0meVKTt'fc5:^!|*att6 

[f*#g 2 4 ] if *3g 1 5 2 3 V ^"f *L?WcEtttf> 

^ [0 0 0 1 ] 

u-1flc:BBi-*. 
[0 0 0 2] 

i: LtfcV^A/tatk^ tWift^Jpn. J.Appl.Phys. 
vol. 36(1997), pp. L1568-1571 t?afe LTV^S «t 5 l-> 8E 

1 0 1 ±CDGaN!l 10 21C, * h 7 T^OSiC^ 
(^**) 1 0 ^OiiULGaNSrricft-TS:: 

±(c P m^i o 5Am&$tib£5\zi'-*rm**fm 

GaNSS(iELOG(Epitaxial Lateral Overgrowth GaN)2£ 
50 36S*w**5l#«^nrK*s*S1-6fc«)lc, Hi* (10 
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(io n m" 2 *iS) <Effi:«*^3iatri^So 

AAA L X ft fcCaNtf-So CffiASfffc £3S£ 

UK^Ctt**tfto-Ct^5 0 ^LT, (Sfefe^® (Si 

fc^ffltt) 10 4(D±^lCplil0 5^M$H5J: 

£ 0 Hi OOU'-lfSi^tt. Si K-^nSGaN-ELOGXfi 
1 0 6 JiMSi K-^nSlno. iGa 0 . 9NI 1 0 7 , 120^^ 
OSi K-^nSGaNS 0*£2.5nm) £ T V K-7*A1 0 . 14G 
ao.seNl (J¥£2.5nm) ^ P> &5ni! 9 7 v Kg 1 0 8 , 
SiK-^nSlGaN (ff*0. lmm) a>£>ft5ni!jteW tfcfcg 
10 9. Si K-^nSlno. i5Ga 0 . 85Nfl^#FJi (J¥£3. 
5nm) £:Si K— ^nSlno.02Gao.98NKSIi (*£l0. 5n 
m) a>k&5*fiS^#Fi£ttgl l 0, HgK-^pHAl 
0.2Ga 0 .8N^r^ y^i (J¥£20nm) 111, Mg K— 7"p^ 
GaN (if $0. 1mm) d»f>ftSpS3tEH ISiiftS 1 12, 120 
SSfl^MgK-^pSGaNS (J¥$2.5nm) fcTVK-T'Al 
0. 14Ga 0 .86NJI U¥£2.5nm) *»P>4Spfi^ 7 y Kg 1 
1 3, MgK-^pMGaN (J?£ 0.05mm) A^ftSpffla^ 
Ml 1 4SrHg^jS«Lfc*lc % K7>fx- 7 f>y 

Ni^Au^b&5p««l 0 5 £Ti£Aia>£>ftSn«ffil 1 

[0 0 0 3] — £\ 3SW#£teJpn. J.Appl.Phys.vol.36 
(1997), pp. L899-902&5 WiNEC Research and Develop 
ment vol. 41 (2000) No. lpp. 74-85 T^^T V > 5 X 0 F 
IEL0(Facet-Initiated Epitaxial Lateral Overgrowth) 

:fc^Tfi, EL0GtlRl«|Ci^7r-f T*fi±WGaNIR± 

Tffi»IEffi£iiii tf 5 EL0G(7) J: 9 icfiffiSS 

<nM^mmz$LC*r, mm±m^tz^xmiLmm*& 

<X£Z> 0 r<Dj:5lCL-C»fcfi*5*k*a«>n-GaN«|R 

-To UlC^-f <£ 9^, (SCffiSBSOn-Ga NIS2 1 
±(CS i K-^nSA lo.lGao.9N {^V ^>m%4 
X10 17 cm"l fM. 2^m) ^f)45nl^7y 
Kg 2 2, Si K-T'nlG a N (^U 3>*gg4 X 1 
0 17 pm"l J?£0. Um) d^ft5na*Hi:iiJ!) 
123, Ino.2Gao.8N (i^3nm) #Fii:Si 

no.05Gao.95N (->!) =i>jB£5 x l 0 18 c 
m- 3 f^5nm) Tfi^^ftS^lfi^FB 2 4 
(#Fgt3®) , MgK-^paAl 0 .2Ga 0 .8NH 
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45^rir^H25, Mg K-^plGa N (M g ifift 
2X10 17 cm-3, f^O. 1 nm) A^4Spffl*BB 
CiA#)/i26, MgK-rpSAl0.iGa0.9N (Mg 
*gg2 X 1 0 17 c m~ 3 , 0. 5/tm) W46pl 
?7V Kg 2 7, Mg K-^pSGaN (M g 2 X 
1 0 17 c m" 3 , 0. 1 /I m) ^bftSpia^^^ 

iF«jgtf>*jfiti:, 2 0 0 hPa(DffiMOVPE 

/<? l:ffl^fc7^70»Ettl4 7hPat'fc^ G 
a , A 1 , I n^liTMG, TMA, TMI^ 
fc D /SSi&ftli, InGaN^bftS^ltfJfFffitt 

I2 4tii7 8 0t:t^^ -toffli^gjcis^rtt-*-^ 
r 1 0 5 ottfot K^^f-v^ict 9 P s^ 

7yKl2 7^Upl3>^^ hl2 8 ^^AyfcV * 
i2 9«^:iLf:i, S i 0 2 »»R3 OSrJKfiS: 

y y^fltaSSr^LfCo nSSKSlcttT i/A 1 
fr<5 nli3 l WL, P ^>-^^h±(cti, Ni/ 
20 Au^P,ft5p«i3 2Sr»rittfc. ^tBBtctO i»- 
* # *«»»B*r»*t, >*-®<o**T i 0 2 /S i o 2 -C 
SE*t=i-T>f (JK&*9 5%) L/c*><D£Pj®£ 
T i 0 2 /S i 0 2 -CSiSW3-f>f >^ (£*f^9 5 

%) tfc^^(7)2o(7)^^-^fTo/i 0 se>n^^3j*u 

-f<Ol#^t«««Slifrffi3- hO^CD^3. OkA/ 
cm 2 , Pi® =1— h<Ot>60^ 1 . 5kA/cm 2 T'£>ofc 0 

[0 00 4 ] t ±IE«>tt*«Hc t^$tb-Cl^J:^lC, £ 
{kft^frWfeW—lf^^T^i, ii«InGaNg^#FdS 

^ WtnnG3mM 3 m*ftmi-Z>^tte®%Xi*te<, InGaN 

■fr^BB^/cCO, If^-t^ ^^T-fc^o U*»Lft*s 

is tf T*»ttO ft l >*^-dS L T ^ 5 t ^ 9 fc 
5o ^Jx.i^, ft^iftJiAppl.Phys. Lett. , vol. 7lp. 2346(1 
997)^^^, InGaNft^FO^V— 

(CD !fe(oa«jS*^ b inffl^^ b * D T <Dti:m& 
T^5<0|i, In|i^}gb#*tOo< 5®^- (^^V^^iJE 

jtt^w^^ y Tffim&$mLx\,^tzit>xhz> km 

lnffl*»6¥»cJ:oT3l*fi^ 



(6) 



ChowftflteAppl. Phys. Lett. , vol. 71p. 2608(1997) <D 

[0 0 0 5] Mffil<£> I n fflfigS 6 r S 

LT, W¥l 1 - 3 4 0 5 8 O^ST'tt, 7 

Lx r I nGa Nfifirf*##l;:S?9K<V^fc#ifc]t> 

0. 2«TM^VM»«K:*3^-C *>, I n»/S;Jfc 

£>£ D ^^^m. InJffl^it^O. l5|SOInGa 
NjffC&^T, 2 0 0 tf m||0 > r^ft|« , Clfc7 
* (PL) h/^¥1tMI(l, la 

V*fit*tl 5 0meVt*fc5« J 

9, P L e-^KM^I^) 9 0 m e VtClSt'^ ^ 

[0006] LfrLtetfbm&nmm(D&ffix*te, pl 

e-^jfifi^#S:ffi*Lfc*3|tfleu-1f«)BB^tt, PL 
v\ PLt-«IM$:^(;Wlf;l 

£fc:oV*TI;tlEb7W££ftT^&V\, ^ 

[0007] iidfltf;»br*su— «f«H*^ 

tt f> 9 ^ # frt ^ 5 K*W4»Bads«ft $ ft 

[ooo8] £r*>-c\ #feu-ifoffl^t ur*t>a 

l£ft-C^5tf>li, DVD&^<7>*x>f 

tf (^T«m^tt«U— If tl*-Si)^*3V^Ttt, 30ra 

t^SS Ll^^XLbftTV^o R*»*LjWt 

{& ttS ti & ft X <n L # v MS a fc T I f 6 fc i z. 2 o (7) 
*SS^7-*^tl-i«RJt=»— r>f (J^T, HR^ 
-x-f >^i:#i-5)-t*S<o^a*Li^*x.bftrv^ 5(? 
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[0 0 0 9] iKtU*tt«U~ IfT'moT^&^T, 30mW 
HJ>3T-5000«FPflEJL±(Z>*^ieA36 s ^ll %X «bftT^ 
5 0 *ft^fc*^t>6-f, ^Wf&^JSAPIntemationalN 
o. lpp. 5-17(2000) tC^^TV^ J: o l^x Cft£T*<7>£ .1 

5, 60t:^^^rt>. aomwtts^-esooNPMgft^*^* 

ij>L^aitV^V\ 30mWT*(7)»i^m^^{g:®i-6^ 
fc*s-e*ftli, :^lif<^6^^^ ^t&J: 

[00 10] fiffl*tt«u— ■ fX\t, 

JB»«*^S**ft5 e ^fc*^ *-f*-J-. 

£d*&g£ftSo L*»L4#e>, u~ifU: 
^^11 1f<Z>J: 5 IC, lkA/cm 2 

**«)L#^l»««**tt««*ft-C*5b1', ¥L<L 

[ooi l ] ^±o<fc 5(c. #feu— ffl&KJSi: 
■ca*5tt«, »*aft««ffl*ft« 0 
[0 0 12] 

zmfrxt£&titLb<oxh*) , **E<z>itt£-f*£c 

-tft^ftOttftiCJCElST, ^M<7)I nWIb#>^ 
[0 0 13] 

mM*ftm-fz>tztb<D^m *&wtmz>*m#i<- 
[i] *A*«-»*fctt*7r>f r*»p>?5cs* 

K±(-> ^7^ Kli, I n x A 1 y G a i- x - y N (0< 
x<K O^y^O. 2) ^3tl^-a^ft^#F^ig^ 

^/^-0»a«lP)foaiWi^7 5-2 0 Ome 

[2] mtff]) VJ*%tfm$.tz\ttyr'<Tti*ht£hm 

«±tC. fyyVmt* I n x A 1 y G a i- x - y N (0< 

x < k o^y^o. 2) %ytm*^t*m z f-#rm&<r) 

1 2 c m'H^Ttfo 9 . HulEflH4Hoa^*iJ» dg/d 

0. 5X1 0" 20 (m 2 ) ^dg/dn^0. 7X10 
" 20 (m 2 ) 

T'^> 5 d t t»ltt5Ifc**»# 

[3] ^fk^i; «>A^tt»*feli^ 7r>f7^45I 
S±C> ^7y I n x A 1 y G a !- x -yN (0< 



11 

x<l, O^y^O. 2) 3&*jg£^frnffloa*#F 
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ai^l 2 X n — a m 

fa*), ffiEfittJIaftftHftd g/d 0. 5X1 



ai^ 1 2Xn-a ra 

»e>§fO«lp«ft3ftS7 5-2 0 Ome VT^6:^^ 

[4] «flS3tfy >A*tt«3tttt77^7^e > 45i 
«±K* ^77hlh 1 n x A 1 y G a i- x - y N (0< 
x<l, O^y^O. 2) $8ftJg£^frn<|§^fi3;T-#F 



^3x 



0" 20 (m 2 ) ^dg/dnSO. 7X10" 20 (m 2 )^ 

fes:t^e t aft** wfr 

[5] ^{b#y !>^«'fi*fcllf77^7^?)45S 
j£±[C x fyyVmb, I n x A 1 y G a i- x -yN (0< 
x<l, O^y^O. 2) «*JB nffl<7)fi^#F 

*¥»»B#«BLfc«ig£#U *n-:/»spS [W/ 
A] Tfe^ 

[0 0 1 4 J 

[&5] 

( 1 - J?,)^ 



12xn (1- V^TXa/^ + V^T) 



[0 0 1 5] Ri : U~1^ffl|t*|fijfli|(7)^figJaffi<75SSt 
a,,,: ; 7— 

a 



&±id N tyyVMt. I n x A 1 y G a i- x - y N (0< 
i>0 x<l, O^y^O. 2) fSjtJBSr^tPnS^fi^F 

**»*«*s«IHLfeflliS*WL. ^d-«S [W/ 

a] tK rte^ 

[0 0 16] 
[ft6] 



( 1 - J?,)^ 



12xn (1~ V*^)(V^ + V*7) 

J0 



[0 0 1 7] Ri : l^— tffflJt*^l«©*«»fiSB<OS» 
* 

R 2 : ^-*Wlt*lPltiB«<D*a»iBflBoS«t* 

am: ^ 7— 

tiUfcU fflEiSttJBwtt^WSd g/d n*s, 

0 . 5 X 1 0" 20 (m 2 ) ^dg/dnSO. 7X10 

' 20 (m 2 ) 

[7] Sfcjyy ^A*»»*fc«i*7r-f 7^b*5S 
S-hl-, ^7^Mh I n x A 1 y G a i- x -yN (0< 
x<l. O^y^O. 2) mytmZ^fr nfl^S^F 

?)^/^iWFK«l^ £^tf^ft#y*A 
3R*W»JB^«JiLfc«it«r*L, 2 0 0 n 

m^±T**>»9, ftlSSi^illCRJt* 8 0 %W± 1 
0 0%*ffleoKKW3-x>f >^H*fflx.fcafbtt*» 
*Urf-Cfcot, xd-7 p ^1. 4/n[W/A]W 

SWSf>^a*«»i5 7 5-2 0 Ome VT'fcSC^ 

[s] afls^y >A3S*mtfett»77>f7^5,4fiB 



fi±!C, tyyVmt, I n x A 1 y G a i- x -yN (0< 
x<l, O^y^O. 2) *#JB*:*tfnfcO£HF-#F 
^P>ft5fi^#F«it^SttHi:. Sr^traft^y^A 
**W*JB2«MLfc»a**U *Hft#2 0 0 d 

o o%*iwiij^3-f ^ y^itfcifb&M 

*l/-ftiboX, ^o-yai^l. 4/n[W/A]£A 

± Bfflfiffitti<DS»ifl]»dg/dn^ 

0. 5X1 0" 20 (m 2 ) ^dg/dn^O. 7X10 



40 



-20 



(m 2 ) 



[9] afc^fy *A**t»*fctt*7r>rr^b46ai 

^±{C, ^7yKli, I n x A 1 y G a i- x - y N (0< 
x<i. O^y^o. 2) %>ftfB&'ats&! L #rffim<o 

<0»«WSb#"<O«ii<HISrt s 7 5-2 0 0meVf 

50 [io] afb#y »A^ttssf*fctt^7T-r ra»e>&a 



(8) 



13 

gfi±K, ^yyVmt, I n x A 1 y G a i- x - y N (0 
<x<K O^y^O. 2) SjltJHt^tfa^FWiS 

OmeVWK'fel (ttEiSttlH«)!a»«»d g/d n 

a\ 

0. 5 X 1 0" 20 (m 2 ) ^dg/dn^O. 7X10 
" 20 (m 2 ) 

[1 1] [9] Sfctt [1 0] iCEttwafktt^frU 
-ftfcoT, iH^FHBfcfcOWLtvMI^-KflJ 

##i 2 cm^eiT-cfcscitrflFWti-aafbft^w 
[12] [i] m [in ^-rtt^tcKftosfb** 

[13] [1] 75S [1 2] !^1VxjM::iett0>SMb*# 

c fc *»» i: i-5 *fls**W* u—9 8 . 
[14] [l] M [13] ^TftAMcKftwSfctt* 

[1 5] &ittf!> * J*%kttW*1Zl'±'V'y r 4 TfrbftZ 
ffi£±(c s *?yKJBi:* I n x A 1 y G a i-x-yN (0 
<x<l. OSy^O. 2) $8ftJB£^tffl*#F«i§ 

^12cm _1 J:^^<, *HE«*JH^<> K*t7^ 
i*/^-W«a«S b ro«*«S* s 4 0 m e VgJLT 

[i 6] g<b#y «>A**t»*^«i^7r>rr^?>/j!S 

gffi±(C N tJyYmt* I n x A 1 y G a i- x -yN (0 

<x<i, o^y^o. 2) &ytmz<ats&*#i*mm 



76? 



50 



*j#P$ 2002-76522 
14 

d 



dg/dn^l. 0X10 



-20 



(ml 



[17] Mlb^y !>AM^tlit77^7^645 
SffiJiiC, ^^KSt, I n x A 1 y G a i- x -yN (0 
<x<l«.0£y£0. 2) $&ftjg£^frn{S<7)fi^# 

a i > 1 2 X n — a m 

j§ b foaWfiS^ 4 0 m e V J^TT'iJb 6 r * i: 
[18] •>A^ttH*felit77>f7^P)45 



I n x A 1 y G a i- 



,N (0 



<x<K O^y^O. 2) ft%®*^tf nfltf>fl^# 
ai>l 2 X n — a m 

(*iSMO^ 7-«*feo,,[c m -1 ] 1 15. ) "C 
*>»K tt1B8ttJHO«»*IJ#d g/d n*S, 
dg/dn^l. 0X1 0" 20 (m 2 ) 

[19] g<b#y V&7km**.tL& J *'7T'<Tfrt>t£7> 
gffiJhi^ ZyyVmt, I n x A 1 y G a i- x - y N (0 
<x<l, O^y^O. 2) «*JB«r^tf n®t7)a^# 

[W/A] TIS^: 

[0018] 

[fc7] 



5< 3 



(1-^)^7 



12 xn (1- V*7) 



10 0 1 9] Ri : l^-1fUjJt#fitt1tt&fi»SffiORJt 
a m : ^ 7— M^: 

a«iP>fw8*fif^4 Ome V&T-efc*c£Sr«f 
« £ + S Sfb»*3J * u— if c 
[2 0] mttfV ^Mf^f:lif7 7 ^7^6^5 



IfiilC KBt, I n x A 1 y G a i-x-yN (0 

<x<l. O^y^O. 2) 3SftJB£'&imffl0>fi J F-# 

[W/A] TIE^C 
[0 0 2 0] 

lis] 



50 



15 



S< 3 



a. 



(9) 

( 1 " R^yfc 
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12 xn ( 1 - tJR,R 2 )(^ + ^) 



[0 0 2 1 ] Ri: U— !fHHt*l6l««>*fi8«ffiWR» 

L> «rEStt«<0«#f«» dg/dn^ 
dg/dn^l. 0X1 0~ 20 (m 2 ) 

[21] nwy ^A*#»ttiit77>fr^5)45 

£«_hfC, tyyYMk. I n x A 1 y G a i- x - y N (0 

<x<i, o^y^o. 2) ^jtm^^ts nm<Dm^ 

F*>feft*J»#F*a©fittJii:, fcStfWMfSJ* 
A**»flc«*s«HLfc«ig4:*rL, *SSft^ l mm 

s£#2. 1 / n [l/A]*itfc •) , *B«*l(0/<y K 
^-y ^x^/U^oW6<]Ib^I?Plli^4 0m 
e V^T-CifcS C <h Sr»«^-*-sa<t:ft*«* !f. 

[22] 2fb^!i ^^*»»*fctt*7r>rr*»?>ft5 

£tR±fc:. ^7 7Klh I n x A 1 y G a i- x -yN (0 
<x<l, O^y^O. 2) ^ftl£-afrnf@<7)*T-# 

Fa>b461»#F*aoflHSJB4:, «r*tf*ft#y-> 

J^T-CfeO, *SS«I«)H, i — If Ui*t*|6)(R<«* 

HjLT^3ri\ *fctt, R#t^2 0%#T<Z>=i-7->f v 
ym&ffiTLXte*), u~1ftt«**|p|i:iJ!«o*S»i||ii 
(c x R*t*8 0%J£JL±l 0 0%*T8tf>ii5K:it='-'r>f y 

*#2. l/n[f/A]*«-C*>9, ttCSttll«)tt»¥il 
md g/d 

dg/dn^l. 0X10 " 20 (m 2 ) 
[23] [15] Jill [22] I ^Tn*MCiE«©afk* 

[24] [15] M [23] ^TftrtM::Ett<Z)£fc«5 
If-CfcoT, HuffiKtRIi, SBCffiCfttfl 

t *»» t -t zmm*m& if . 

[0 0 2 2] ±8ESfttt*2»* u— »f 9 [ i ] - 



[14] ttfiffiyjftai, iS:}H»**ffl^[fi]Jt^*»*^ 

— if-efcSo :<^)^ iff*, fcfc x.if DVDffl&i-ffl^ 

6 0 [1 5] - [2 4] fiKffl*tt*<&¥W»U 

[0 0 2 3] ffittJB^l nttdW^K 

[0 0 2 4] ftfta* LfcWNJsp l 1 - 3 4 0 5 8 0 ^« 
[0 0 2 5] Hta«J**«c:*3lt5»P>«r**«l+5r i 

*jjt5»bar*r««-rsfc*fctt, ±E4#^¥i 1-3 

4 0 5 8 O^aidEft^tlTV^ J: 

[0 0 2 6] a±Wj:5^**W(c«52{k»i|t»«:i/ 
5^ K^+y^/u^ibfitt, ^t!)7l4M 



(10) M2 0 0 2- 7 6 5 2 2 

17 18 

(»iiim) ±*)t>mmmxfr-Mztertz>mb$k^ m&vh<o* ifitofi^ssitwcfcst^jtt^ 

ytV^S) T*f£»1-*J: #*ET*li, [0 0 3 1 ] Hl{c*±Se>#"35 s 'h*^^S^(o g =3meV), 

P V*-^— , JMfcf$Kli5 0 0 nm^T^^^^H: H 2 |c;4Sf>#*36S*#V^»-&(a g =75meV) <ZMnGaNffl* # 

*3»tsa«ttSbr*r*J»L, wtLlcJ:i!)**Bo®0r F(cov>T, £©(300K)-e<z>ft^fi»#*'<* H/kd** 

ai**rffa«B*c«ia!Lr L#t^ffl[1!ia©ft«*:HoT !^r*«*#tt«rH-fjLfc«**r«i-. *1% lxl0 19 cm 

[0027] se>i-*«w-ctt, _ti2^mws<b#*ico lisRiw^Aritrv^v^s, nb€&*$\<^£\a* 

[0028] l# stau-c^4v^iBJjE-e»jRa*^i:5wtttft<, ^ 

[0 0 2 9] *«W#e>fi, ^r^-tCInGaNfi^#F -COflJ^ttl" Cfcfift-T 6?ctf>, H 2 T'E 

■y/MS?SPfl»*Lrv>5t%X.fco BT\ lETli t>{C/° [0 0 3 2] U3^ «*4SP>f ( a g) £ t>OlnGaN 

•?-*pft<7)^> F\ jE?Llco^TliA/0 KfcB/<V K<7>n= ^«-W^**:^i-o BSa*©«t9«c, l»<b i^ST* 

[0 0 3 0] ®ffi£ANN::*-v y T Jcft^JtF-flfcfc^^Ut^ffl*— K*U»# l 2 cm 

^r^se>r^^w^^--/^ 5 'j^v^^s:s*i- [0033] u±.m^<tix ot, inm&ffit>£\a* s m 

V\ UBilC, ^^ftii^Appl.Phys.Lett. , vol. 71p. 2346(1 h'W&<0*% £ \Z X o XW\^<0^^t^t> , -f: 



19 

(COl^T fiChowfdl^Appl. Phys. Lett. , vol. 71p. 2608(199 

7) <d * xmm^m u x i> 5 & , « & & r 

[0 0 3 4] fififciS^¥<OSPflW*^^r-^s^ * p V 

[o o 3 s] m4 t® s tat* Lt^«s«e*ff<z)SP> 
~K pmhr^- hx\cm~ l t Ltz Q XMCfefettlkfr 

-#Ffcfc9l%<!:-f JtEHRa- h<0»£lifi*# 

FHlfcfc 9 ^ L # VMI*- K*J»14 c m^gjSdffiy* 

/«« b ^s/h $ v Mi t' t § v *ttafttttt*£<B;tt 50 

15m InMfifcJgb Lfc##L#^I[ 

±IB^«-3SC«^0»^{c:*3^rt>, S*#F-fl*>fc 
fc6S^*-(i»b#*^a«iB^4:40meV£jlTJ-i-5r £ 

SS^tCttSb ?^^*®HSr75-200meV(C-r-5 C <t IC 

[00 3 6] ^<t9l^ L#VMI*-K*J»<1# 
F&fc <9 ) #12 c nT 1 UT<Di§£l^ffi h € £75~200meV 

«a*stit#t^^ir y T&mz.itm-rzfkx-hz>fr 

L#^ft^e- K*J»( 1 #F£>fc 9)^12 cm" 1 ^ 
"C» b #*75-200meV<7) ^!:L^ Mia8S46«#ftia $ 
ix5 0 50 



M2 0 0 2-7 6 5 2 2 
20 

[0037] ±eBSti?tt, u^a^yr 

L#^tta«**^l»Uc»(&1"-6t>«)i: IT 

40 ]\citm-tZ><r)X\ *+y7»8^»«tL#^ 

[0 0 3 8] y rs«^*Att, &ikta*m#o>t& 
£\ &z#fttowm&mftt~&i-zk%z.btix& 

«rfi<U L#iMiatt**o««K:ofc*ss 0 

T\ In^»6?tt^+yr^»lc»*60S:»*y-r 

St y T*S2K^W+/U«>»«:aaC)^< L*Mc£-e 

7iC^-T 0 HA»6t>*»6 £ gf>r^75-200raeVO 
I5ffl<7>»£\ y r^^^L5xlO l9 cm- 3 7|c^r\ 

bfrfrZ> X 0 IC, L^^I^- K*l»d*8c m" 1 JL^TT* 

5X10 l9 cm~ 3 J^T^^^4x6o SL±O^^^P>, L# 
Ir^tt*— K#J#(1 ^Ffc^c^) 12c m _1 amL#^ 
tl^-y y T^gcDi&^lcJ: 19 L*^ttattttff3dS{B:tt$ 

y7^f<45M» oTN J:0K*^L*^ 
[0 0 3 9] ^{C, fl^F-lfcfcOWL^^" 

Kfij#t ^-^m^m^(omm\^^x^ho 

2 cm -1 J; *9 fc*r#*fflT-*)6tl^Ctl±, F^S 
ai> 1 2 X n — a m 

Sr»fc-f^tlC#a:-rS, ii?^> 12cm"^mS 
a i S 1 2 X n - a m 

l # i^flt*- vmm> 8 c m^aT-efcs t ^ 5 ^ t 

oi^8Xn-a ra 

S^#F-<afcfc«9 0L#v^- K*J»tt, 

S4 0 0 nm^^frU— tf"Cli, SE^PS^O^p-^ 

S!j^3 [w/a] tteZtK S!R<o**i;:*3Sta*n- 

^^SJi, **Oj:9lC % 3 [VV/A] 1:^(7)7 7^ 



(12) 



21 
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[0 0 4 0] 



[»9l 



5-3 



a. 



( 1 - R,)^T 2 



a . +a » (l- V^xV5"+V*T) 



[0 04 1 ] CO^tHijiSL/ciai> 1 2Xn-a ra ^ 



5< 3 



[0 04 2] 
»10] 

( i - /? 1 )V^ 



12 xn (1- V^^XV^+V^T) 



[0 0 4 3] Ri, R 2 tf>il#£ 0»**&B*r%IttU * 

1 ±*tt, S<2. l/n 

[W/A] £&5o milSLfcai^ 1 2 X n-a m ^ 

a 



5^3 



6> TfcX&mfrinZo 

[0 0 4 4] 

[in] _ 

( 1 - rjJr; 



I2xn + 



[0 04 5] Ri. R 2 ^il^t 9#6ffiiHSL, * 
iM^2 0 0 ym^±t^h ±*li. S£l. 4/ 
n [W/A] £ft* 0 

[0 0 4 6] K^ty/^/^-lf)^ 

6o I n x Gai- x N^WI n«Wlb^M 
^A xk±&Ltz'<> y^3L*/^-Wf»att» 

O s a mu r a 6>dS^ +— -*VU • *7 • Tzfy^i YV 4 
^7^, |4 6i ( 3 4 3 21, 197 S^lCi^T 

Eg (x) = 3. 40 (1-x) + 2. 0 7 x-l. 0 
x (1-x) 

if-y-Y K<7>f£ffig£ffl^£ I n G a N^fififcOlE 
ffl (x = 0. 1 5ig<£ : x = 0. 1-0. 3SS) T* 
II, d E 

g/d x = 0. 6 (e V) 

kit*. L^ot, I na^xWffiffl»*<7)S«flill 
Ax = a g /0. 6 (eV) 

^*-<oa«tt»P»ro«»ffl^W«!IllfiilAS4 Ome 

iAx^o. 0 6 7£kTX*hZ>zk} l:f^M5ii 

a*fiS^S*SSI^7 5-2 0 Ome Ve*>6Ctj 

iirinaiJ8a«It>¥ro8»figAxiso. 125 



J0 



40 



$0 



-0. 3 3 fcSV*Sl;t6wi#-e#5. 

[0047] wiii-cig^cMicov^rji. 1 

n x A 1 y G a !- x - y N (0<x<K O^y^O. 2) 

#5**81** I n x A 1 y G a i- x - y N (0<x 

^0. 3, O^y^O. 05) % *>5VM4, In x Ga 
i- x N (0<xS0. 3) Oftrt«:#+5fe<Bfc1-5C 

[0 0 4 8] /^K^^x^gf)?^ 

dS&CTV^. H6«t*), Sbfr<O«*fi^^40iiieV-e 
©»»flJ»*Sl.0X10" 16 cm 2 (1.0X10" 20 m 2 ) (CfcfrjfcL 

TT*£>6C<*:j I* r»#fiJ»au.0xl0~ 2 V«±T-*>a 

e>^^«WfiH^75-200ineV-e*>-5^tj tt r»»«ft 

#0. 5xio" 2 Vj^±o. 7xio" 2 Vj^tj 5 0 

[0 0 4 9] *«Wfcl6*tt«tOBB««COV^T 

1 (IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELE 
CTRONICS. VOL.3, NO. 3, JUNE 1997fcK«) , 



(13) 

23 

2 % 3 (ftmW- 1 1 - 3 4 0 5 8 0 ^«lC|EStt) 

[0 0 5 0] *"f*!6Wtt, mfct Lxmitxy 

£*i LTS i Ctr^SttflffcfcSas, **WJc*5V^ 
TttS i C«r«ffl1-5t, L#V^««*:jf3t«HC*» 
fc«S*1-*£fc#B**4S. S i C, TfcJ; 

f77^7>Ga N**«*> S i C 70 

ot S i CSSSrfflv^fc^ilW*:^— if-ctt, -^l:, 

[0 0 5 i] ;inic#LTi^T^Tffi££^fc:f§<£ 
tt, G a NX^9M^>*¥iBA(wi2fiElt)RS^^ftff 

a N^A 1 G a Na»feft*£«*rfflV*fc»£tt, StRt 
*rO±lC7#j££tt5G a N^^frH^L^fRHSK* 

[0 0 5 2 ] ajKo-^b, *R««-cttKffi^tr 
[0053] 9c<cSP>^*J»<oftfiftH^o^r*« ^ 

aNA>777iHLt, AlGaN^77Fl, In 
GaN^ltWF (MQW) SttSdSJg^SttfcJifll 

[0 0 5 4]KSi2, 3^li N S i Cffl^fflV^; 

* ^y-fe^ftfi^SMfrflS 1 5 0 m e VgSt'fc 

%WXl*9 Ome VWTSff *-ie**tfCV^ (Cftfc 
3 £E*£*iT^£ e S i CSS^ffl 



ftffl 2002-76522 
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su x<Dftma*mmLft\<*bmt>tix^z<DX\ z<o 
£^ l > £ < ft s £ *a^a^*&— M> * < ft 

«Srffi^5 <Effi:?&**l 0 9 cm" 2 ^T 

i^/>ft<tt>, i o 7 cm- 2 mmzxizvkm.'tz>zt 

[0 0 5 5] *«WI-«SffittJ*tt«<Z>*«*u-^(0 
-«£:±E«#ft«£eoM«£igi 3*>«fct5EI l 4^ 

[0 0 5 6] Hi 3(1, fltNi& I nUMS^ier 

(PLRfM; l S * p v£L±<ogEPii* 
^-^oSfc^) t^tzi><nxhZ> 0 t**S«5H-tt, 
»#*J##5. 8 X 1 0- 17 cm 2 <hfSft£ftT:}o'9, d 

^lOOrne V«hft6o 

[0057] «*jj«t?fi. ^fntESfia?)?^* 
E>m&teft^as, u-if^it^^t/^o^^pir^^ 

%i*t-5^, t**ftW2-^3 i:|5]«|0-j»Wft*l|l(c*> 

fc^ttwtctti^Tfit^Eattsibrtftorv^. 

[0 0 5 8] m 1 4 (i, «N*i n«A«)fK«n«&^ 

(t7'^pv^-(oip,f) . wmz-m*#r 

*fc9«)L#v^- KfUft (c m" 1 ) Hfc^t'fc 
5 0 »*8fff-ete, ^1^ft,^-ftT-#F&fc^L#^ 
(i-e- K*]»#*# < ftoTV^o tt*tt«lc«SSfc 

4 0 cm 

_1 SSJ^±T'^«9 N ft^#F^3J^TT*fc*U;£. 57 
4 cm" 1 £Jl±^ftSo -<XlC#Lr*«Wtt, 

[0 0 5 9] &i-*ISW«C«Sii5tH^tt«0¥»#U'- 
■tfO-«t±Ea*ft*^^BB«S:iai 7*3«tt/ill 8 

[0 0 6 0] 11 7(1, Ultt^l njafig^««WSP>^ 



(14) 
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So 

[0 06 1 1 HI 814, I nm&<DWafa1&b€ 

fcfcDWL*V^*-KfWI (cm -1 ) tLfctOTfc 
[0 0 6 2] 

Inia^Sibr«:«9£-r5*fei: ITliPLi^fijffl 

14, ^a>^-^-oa«WSP>^4r«WT*#-5 
#i*SrAHdL^o IMPIfcRlfll-*. 118(4, 

U-lf W» 2 KMft (Sfi 3 7 0 n m, ffl* 5 mW, & 
*)IlM$80MHz) ^*S:«B^bKaitLXSifi 



26 



r PL 



r 0 _1 + AT 1/2 e x p (- 



T PL (4|g*i9A, TteifiSL r 0 , A, T 0 f47^yr^ 
y^0V*7^-*t?fc£o -hie<05£(4&<7)4 5KR9!£ 
ti5 0 S*^(SV^»^H:(4, S^4S<b^^J:5^'r> 

o (kf4#yuy-w^») <!r-f*i(4, aSSix**-^ 
TWfl^liexp (-T 0 /T) ICjfcM-rSo -t LT, 

Bfi**ifc* + y T©-at4lSiS«T*l(»#lHlorv^Pfl 
fcfcte «i»£;KS. rojt»tf>»* 

(4, NvstJlShS. Nf4>:te*a x vJ4l» 

s j4««*rffi«S:Si-o ia*tt#tto^t»i-r 

N v s = AT 1/2 

*+yT©W*£aAH±, AT 1/2 exp (-T 0 / 
T) , i-4to*>* (1) co^n^tctoTtg^Dl-^^^ 

144 6 0K^*^ibtl5o 
[0 0 6 3] ^7^-^T 0 i*»^<> + 



8$JJ^of; 0 «Fffl»«aiSJ4x h 7S:ffl 
v*Tfr5 Ctt>"C#6. ilft 14, fcfr^y **fcJBi\fc 

B*PHC^7-f ah^^y Hc49, 5KJi^3 0 0KW 

m&W&mW h € 4 o T»rit S hfc *r v > -y /n*« 

(#nat*<i» (cffi£*ft**sNti!K **ie#f4ft^ffl: 
taa^i b?ia5^f>v/t /n»* & « * a w £ # 

T?*S J: «iPf4eiij|cilu46J: 

ft£ 0 08-Cl 0 OKS**»fe»**ft#fi<&0*M> 

ri/^c7)(4, co^s«±r*fRae«a*3d s a#*&«)T 

14 

20 

To/T) (1) 

fc#*£Jt«BI«t-fc£l4-f-t-*>5 0 i^F^J:542 

fcoS^teS SKKttS C dr *A»fc/< 
-=iU-'>3 t ^a»^f>a[^tbSo Lf^oT, kTo 
l4sK^^^^^W^JS^^¥^^x>'>ir^*"C(03i^ 

<£>T\ a e =0. 5kTo^i6:^^tl^)o InG 
IBM («91B£S: a g ) (4, <0#T>is 

— X (APPLIED PHYSISCS LETTERS) , 
|6 8t, 2 5 4 1 1, 1996 CiJ^tMa r t 
i n ^^ai-<TV^6 4 5 (-> I n G a N^Ofc^ fffi 
^ !«^>Kt7t7hJt^3 : 7^t6^ a g = 
3. 33o e =l. 6 7kT 0 ^i5 o 
i:ic:4oT, H8fca>«b#tf)ibft5Tori>f>s InGaN 
^yK^rty^yU^l^f (i«fiia g ) 

T, 6 6me V i: t ^ ffl* s #?jtl^o 
[0 0 6 4] H9(7)^^#:u-if(coVNT 1 a m<D'$L'b 
hffiT*PLffl^SrtfcS»^P>»4. PLt-^ 
^co^^ilnml-AoT^ 9 , 1 ji m^r^x. ^i^-r X<7) 
5(7 Injfij^Sb#*^#fiL4^ofc„ 
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[0 0 6 5] *«91U:*3^T I nM^^ K^-y 

fc^r x.l^7^^7M^ 1 1 0 h P a£JtT£ L, 70 

e V&Tk-tZ>Z.k&X*$Z> 0 
[0 0 6 6] ^<Oj:5mE«W»e>?«r(B:*Ufc±-e/< 

5-2 0 0meVtt§Clt _tHEcO<fc 9 £X ^^7 

8 5 0tKii:U «): 9**1X1* 9 0 0^^ 

5 0 ±RJCOl^Tttfctx.tf 1 2 0 0°CJ^T£-fS o to -20 

[0 0 6 7] #«WJC*3V^-C, L*T-# 
I3> plSCH (Self Confinement Heterostructure) 

m*yyh*-7k u 1 1 o ot;j^ 

[0 0 6 8] #3&IEK:fc5l*T. y* b/ls^*y±>X<D 
<fl40meVJ^T. J: f) L < (1 2 0 m e V J^T k 

< ^otiSl^^t < ft So 
[0 0 6 9] *^CioV^, Mi^^K^t^^ 

5~2 0 0meV N J: 9 £F£ 1<I180~1 50meV 
T'£>5 0 *fc, In8SxOa»f)^l$ii 
ti. L < (i 0 . 125-0. 3 3 3 . .1: 9 L < 
#0. 133-0. 2 6 6 ^:t5o - «t 9 £1" 5 ^ k 
lUot u— If <D L # 1/ *£I8»ES: J: <9 aSWfcffi; 

[0 0 7 0] #^WCio^T\ r«*B^fcltSInffl SO 
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(KM) Sri/^o *fc* raaWSfc^J k 
fl, mJxELfc«fc Sic, ty^pt-^-KT^lP>? 

NS^l /im£l±-C£><9, 8I£<DISU1±* 

m L»4 v «v^«« A OS & jf tr ^ 5 o 
[0 0 7 1 ] sM&Wfcfc^-C, ffitt»Sr#fifl:^#F« 

[0 0 7 2] *««lc*5*t**ttt*i, tfSSrfl&S 

*ii(Ett««tr±, s«*atc#ffi-f snaetifcoeft 
[0073] &&&&&&& i o 8 <s/ c m 2 *»(oafl: 

*A^¥»*S«te, J^Ti-^i-F I ELO (Face 
t-Initiated Epitaxial Lateral Overgrowth) ifc^VMi 

^>fv t° * * y) mttf v * 

[0074] ( F I ELO) f7r^7^ 
g«±lC»l*G a N£fl2fifcU -t^ilC* h7>f/«0 
Si0 2 -7^^S:Mt5o vX^iP^CGaN^I 

G a NS*5»btt5o -ftliteffi#Si0 2 ^**T*:/n y 

8#, I7f ( 1 9 9 9^) $7 7 4 H-fg 7 7 9lj 
[0 0 7 5] (^^-f f;^x.H ir 

±&£tz\*mm>b&&f&&£i±%^k\z£t) , 

^^t^^&lCO^TIi, TTsvetankas. Z 

helevaet. A 1 . ; MR S Internet J. Nitride Semicon 
d.Res. 4SU G3. 38(1999) j *(C|EttS ttTV^5 0 
[0 0 7 6] Sfc, WT^J:9 4fS^V^Il $b 

mmk-tZo ^(o±otj:mMk£Ktzm&&mz&&k 

TMmZBf&-rz z k&XZ 6 0 ft*3, ±GAtto»tt 
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[0 0 7 7] *«MI-^(t-5StR»*ffite&«fl[tt, 1 
0 8 m/cm 2 *mX'foZ>l)K J:*)#£L<lil 0 7 ®/ 

^m^l^ttfe, SmNh£fi±£ii:5 Steffi 
»-C*)5o ««l$ri0 8 S/cm 2 m Hia 

IWHcJ:0**ffl4:«>«*fPffl*s#6*L, Affft*?tt 

[0078] a±, ete«t**o»fk^ y * A*¥»f* 

[0 0 7 9] *»flWT»itttft:^!l *A**f»a»& 
til, A 1 G a N N GaNL *ril5c«t Lta*j3j; 

y IfT'li, AlGaNHftS 

^7yKl^ffl^?)tt5^ A#ft*(Hi:ii**«rSta 
"r^5fci6{c{i x ^9yKlOAllftlJttS:i«, HJ¥£ 

V^S**Stfi3 9 0-4 3 0 nmCD^ffcU— if (C*3V> 
Ttt. ^ 7 ^ Ki WlfS: 1 /i m W± ^ 1 6 C t ^11 
L<* AlfflfifcJt*:. 0. 05^±. £«9#£L<te 
o. 0 7&L±kirz>zt&m*1nZ>o 

fcV^T, TifeJI^ LTG a N^fcfiA 1 G a N*r»«i" 40 
6^i:^*«itft5o c<oj:5lc-rixtfT»JIt^7y 

[0 0 8 0] Uh. *«M^*5itSS»cov^-CBML 
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m*fot>« tz.t7L\z, T>*~T#*z^ts 

(Dt U T >^~T#.*(0#/±£ 1 1 0 h P a 

UT. X L< 119 5 h P aJBLT^ri-ixtf, ±!E» 

[0 0 8 1 ] *3BWtc*3Jt5 r^^ij ffittB* 
-fa, fl;^#F»igoJ£ttfflK:fot>T 

^)feg^:ft^o 

[0082] *«w^«6iaa*{t«ou— tncas^r 

-£ft«!K y TflSao^aLfclc^F^^-Crt 
tt«£olTF#S*£ft£o ft*3, :^C1L, Dome 
nbll Appl. Phys. vol. 73 (1998) , pp. 2775-2777(^*5 V * 

t\ #F»^3^s-&ji^^yrwaA*siS--ift»3. 

[0 0 8 3] 

immm] mmmxitm t iz*m& u— ^ 

( i ) 

^L/i^(t^^R=(n-l/n+l) 2 <t^^tt5 

400nm-m2. SttB&Xh 6 ^ £ 7^*0 ^ tlT V ^ 6 £>T\ S 
W^«19%i:ft6o -*i«R*t^7-«r#-6tcfia« 

S*t^ffl»f*^«ffta»-e#*«5, «x.tfTi02 (® 
ftm. 31) ^Si02 (Ji*f2pl.44) ^100nm<5o^ZtCff$ 

[0 0 8 4] dl 2\ZhZ> X 9lCjBeft400nmWiST**:# 

Ti0 2 /Si0 2 <7)-<T^ 1 oJFM-t^<h^J:^50%cO^ 
5 e Hot, >^tt»i:JH«^»^ixtfR*t* 
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[0 0 8 5] JgfiRS*ifciSS*t3-r-f >i/WKJt*«: 
SJ^i"5t> o-m^fkt LT, ^Sfls^-lf ^El- 
's C£as#x.fb*x5o y-*<OSffitf>£ttipRK 

R2^e>ttir < 53ttti^pi^ p 2<ommz, pi/p2=u-rd 

/(l-R2)x(R2/Rl)°- 5 T*fc5 0 ^ot, Pl^P2CD^tiS^ 
5o ^ICjt^TV^- h(7)^l 9%<7)R£N£#J1J& 
(ii) ^-fil* 

^ !fc7)^^<t^^(7)SW^R 1 , 10 

R 2 t>ix6 («x.tffStt-f r^Wdcu- 

ifj W— Aft) ) 0 u-Hf©#fi*fi£Li1-$iS 
7-«*amttom=l/2LXln(l/Rl/R2)i:45„ fto 



2002-76522 



32 



3 — h^liTi02/Si0 2 4ifwR«*#SBI^ 7-ri>fflv^ 
(iii) ^aa* 

£ Q R«*Mtt, R2-e*>S*»frU-iflCioV^T. RUB] 

[0 0 8 7] 
[ftl 2] 



[0 0 8 8] fc*i-cfc*s-e#5, ir±«j«-e 

5o Vdtt««*ft*c»j£-TS*3i*/u*-S:«tf IP] IS i: 

So 

(iv) L£VMI*— K*]# 

9o lot, L*^«t^-K*iJ»ttrt»»ifet$7-* 

[0089] nmm i 

ilL&g.&5 X 1 0 7 f@/ c m 2 <Di&$&&n — G a Nffi 2 
l±iCS i K-^nlA lo.lGao.9N (i/y^M 
4X10 17 cm-3, 1^1. 2/im) H45ni^7 
y K12 2, Si K-/nSG a N (v'JJ ny|j4 X 
10 17 cm" 3 , f^0. l^m) ^b^nitlCiA 
&J123, Ino.2Gao.8N (J?£3nm) #FJI £ S 
i K-yi n 0 .05G a 0 .95N (vU ^yfig5x l 0 18 
c m" 3 ff£5nm) /< U TB^bftS^fift^FH 2 
4 (#F#:3f@) , MgK-^plAlo.2Ga 0 .8NA» 
645^+^125, ryhWGaN (ff£0. 1 

M m) *»e>45*iHi:a*Ji2 6, M g k-^pIa i 

0.iGa 0 .9N (Mgi8l2X10 17 cm" 3 , i?£0. 5 
nm) *»b45pfi^9y KI2 7, Mg K-/plG 
a N (M g @g 2 X 1 0 17 c m~ 3 . J?S 0 . 1/im) ^ 

ffiatfcJKfilcLfco 2 0 0hPa(D 

JSJEMOVPE (^t&M^t@^t e **'>) 
■cffbiifco ^^^W^ffl^^r >^e^ro^EEii5 3 

hPat'fo^ Ga, AL I ntt»J*TMG. TM 
A, TM I tffl^fc. jSftfi* S*Wfcli 1 0 5 OtT' 



I24t'tt7 8 0tt\ 7>K-^GaN (**0. 1 

^ M m) a»e>ft5ftMi:&«>Ji 2 6 -cm 1 5 ottM 

£fTofc 0 ^6im^9 0 Ott'lWMILt 
& N K7^x^y^J:^pI^7yKi2 7^LT 
p^n^?^ hi 2 8 £^A,fcV 1?-^ 2 9fc«#«lc« 

L/tm> sio 2 «ii3owit 

fc 0 n^gffiglCfiT i/A 1 ^?>45nlg3 1 
j£U p^^niCIl Ni/Aud^45ptS 
3 2«r*ritLfc. -#BI^J:«) !f*«»«B*:»* 
U WB&T i O2/S i 02T'^RSt3-7 L ^ >^ (R 
30 H$8 0%) £*Tofc 0 *fiSfili3 0 0/imi:U:, 
[0 0 9 0] rft*(Oft«j ^IE«LfcH9 0U— ?m 

ttS^li (1) *ft^T>^^T»EE^fi:V^^, 

(2) *S«9 0 0°CT'lB#r B m«LT^5^^, 

(3) GaN (SS0. 1/im) *»b45*BB C&#>J1 
2 6^T> K-^fo5CiifilcSi^i 1 5 Ot^: 
lk^z.kX'*>Z 0 (1) «ifttt»»^#Fo«ffittS^ 

So (l) ^ftfeyo/hSv^ft^FSrf^RLfcatc, 
40 (2) 0DjR*aS:tT5 E«Wi§ Lit*. 

«^#e>(i^is]amLfe 0 sfc, ^^#>bii, Ga 

NftPE C&fcll 2 6 -e«>*lftlRtf If * j port«a^ : 

*JcMgl6ai*rffto4v^4:lcLfco 

Ktt, 0. 8kA/cm 2 ^<, ft»4tt«B*^L 
5^ /c 0 
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[0 0 9 1 ] ±.ft(D£o[ZLXftgkL1t¥&ftl>-V\Z. 

©siPLjas (i »m#Mm) tci^gm^m^s^ 

All 

[0 0 9 2] 1 /im»«W8©W«PL"C««Lfc**, P 
L**»*2 0meVKTt^5IS*dS#6ix*:^ tSt 

ftwmmtttzmfcomik* rf±i o ome 

Vi:**ofc 0 CLftT*Ji400--500nin<O*;£ JWg 

(Hi 5) 0 ^±^r^^6, *n«5W 

[0 0 9 3] SJS^'J 2 

£H 1 1 (&U *ISlM«J-ett#F»£ 1 t IT 

f, F I E LOmcX OfP»Lfc*B(Ett*«i6S5 x 1 
0 7 <i/c m 2 (D{g:fc{in-Ga NS«2 liCS i K— 
ZniAlo.1Gao.9N ( V U 3 4 X 1 0 17 c m 

-3, m$ 1 . 2//m) ^^/^ni^77Kl22, S 
i K^niGaN (v' !i ^ 4 X 1 0 17 cnT 3 , 

»<*0. 1/im) ?&^45niASi:^l2 3, In 
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0 . 2 G ao.sN (f^3nm) #FH t S i K-^I n 
0.05Ga 0 .95N (*>!J ^VgJgSX 1 0 18 cm _3 J|^ 
nm) ^y7i^f)^5fif#F12 4 (#Fftl 
fl) ,Mg K-/piA 1 0.2G ao.8NH*5** 5> 
/125, r^K-ZGaN (ff£0. 1 /1 m) Hft 
^^^^12 6, Mg K-^pSA lo.lGao.9N 
(MglSS2X10 17 cm" 3 , 1^0. 5|im) Hi 
5pI^?yKi2 7, Mg K-ZplGaN (Mg8 
S2X10 17 cm" 3 , f$0. liim) i^ft5p®3 

fc 0 !f«iSO»*tt, 20 0 hPa(DffiMOVP 

S*JR»fcfflV^cT>' ; t = r(D»JErt:5 3 h P a Xth 
9, Ga, A 1 , I n^liTMG, TMA X TMI £ 
m^tco JfcRfi. 0 5 OtT'ffoto fcfc: 

L x I n G a NA^ftS^lt^ffFiStti 2 4 t'li 7 
S0X:X\ TV 7"G a N (J5£0. 1 m m) Hft 
<5ftP^i:iA#>Jf 2 6 T'li 1 1 5 0°CXf&&$:ftitz o K 
7^x^fy^|:J;0pi^77 KB 2 7^UpI^ 
j?0 bJ!2 8 Sr&A/fcV ifS! 2 9S:»»ttt»Lfc 

SiO 2 ffiii3 0^Mlf: o £fc, /^^<D 

nSJglfi«lCteT i /A 1 ^P,45ni|3 1 

U p3^nil:tt, Ni/AuH45ptS3 

2Sr«SLfc 0 -.^BBJCJ;^ u-if*SS«ffi«r^L 

*ffl«t«i:iJ!«o*BBB«co^-c, T 1O2/S i 
0 2 "CSKJt?— r^>^ (SM$9 5%) ^tTofi 0 

1\ TV^-hkLtz 0 &83Sftli5 0 0 /imi: Lfco 
*0 [0 0 9 4] #f>nfc#«(*:u— »fW»4#ttS:*l + 
NO. 2fc«1\ L#^HE«tt**tt, 0. 8kA/c 

[0 0 9 5] 
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7 6 5 2 2 





NO. 1 


NO. 2 










3 


1 


(**m) 


3 0 0 


5 0 0 


Ccm" 1 ) 


6. 5 


2 9 


*m««^7-jKM+ (%) 


80 (HR3-M 


l 9 (rva-H 


J£iU««fcittM«)^v-SW* (%) 


80 (HH3-F) 


9 5 (HRrJ-F) 


(cm" 1 ) 


7. 4 


1 7 


(cm" 1 ) 


I 2 


1 2 


XD-^OT (W/A) 


0.5 7 


L. 7 




0.167 


0. 0 0 8 3 


A * > k * + -y 7x * ;p * - vm&mm h z <?>mmm 

21 (meV) 


1 0 0 


5 


»»«»dg/dN (x 1 O-ra 1 ) 


0. 6 


2. 2 


U*l*ttCSUME (kA/cm 2 ) 


0. 8 


U. 8 


7* (me V) 


1 9 


1 7 



[0 0 9 6] 20 

^ L # i *ttmfttttt«:?Mftlc<&< -r 6 w t 

inn ffibgnmmum^mevtom&nmmx^? h 

[12] ffih€<Dmmffim&7SmeV<nm&<Dm®X^t 
h^VfoZo 30 
[13] ^ (o g ) £fcoInGaNfl*#FKo 

[0 4] L*v^tt««E?Bftw»brtfe#ttS:^-rH^*> 
[15] L#v^fiatt««(0»P)¥ftffttt^tB-C*) 

[16] se>?w«jinHsta»«^§8«*tf»ufc 

[18] *jt*^^ia«K{t:SrSISLfc3e»S:^-rH"C 

[19] «*W*»»i^-1f<D«igS:^i-Bir-*)So 
[110] tS*w**#^-¥^«iS«r^1-@"e*)5o 



[hi] nmm\cmz*mfc\>'-'y : <nmm*7F-fmx* 

[112] Ti0 2 tSi0 2 *:*lHc^L^:#/BI»^)Klt^ 

[113] ^^(C^S^frS^-ti**^^^^ 

^H^^^-tlT'fo^o 
[114] *«^^«-5^fl£*^it**©*»#*^ 

[lis] *y— K^$*yfev^o«*tt*-e*>s. 
Ill 6] i^-ifo«ia*:*-rBi-e*>5. 

[117] *|gW^«5*^#*^^B6*co^flc«^ 
[118] **WK:«**W*«^fc**«>*W#*^ 

2 1 n -G a 

2 2 nS^7«7Kl 

2 3 nffiftBllS&fcJB 

2 4 fi^#FS 

2 5 ^r^y-fE 

2 6 %nci&ae>ji 

2 7 pl^7 7KB 
2 8 pg!=i>** 

2 9 j-v-m 

3 0 Si 0 2 «»iS 
3 1 n Qfii 
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